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(54) Suction generating device and sample analysis apparatus using the same 


(57) A suction generating device for a sample anal- 
ysis device is provided. The device comprises four 
parts, namely, a cover plate 61 . a middle plate 62, a bot- 
tom plate 63 and an operation plate 64. A protruding 
portion 642 for compressing the suction generating 
chamber is formed in an approximately center portion 
on the lower side of the operation plate 64, a protruding 
portion 641 for operation is formed in an approximately 
center portion on the upper side of the operation plate 
64. A cavity 631 for inserting the sample analysis device 
therein is formed in an approximately center portion in 

FIG.4A 


the bottom plate 63, and a hole 632 for light irradiation 
is punched in a determined portion in the cavity 631. A 
concave portion 623 for fitting the operation plate 64 
therein is formed in the middle plate 62, and a window 
section 621 is formed in the center of the concave por- 
tion 623 to let the lower protruding portion 642 on the 
operation plate 64 protrude therethrough. A window 
section 61 1 is formed in the cover plate 61 to let the 
upper protruding portion 641 on the operation plate 64 
protrude therethrough. 
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Description 

[0001 ] The present invention relates to a suction gen- 
erating device for developing suction in a sample analy- 
sis device, in which the suction is utilized for forced- s 
sucking. 

[0002] There are various types of samples in the field 
of analytical chemistry, and particularly in the medical 
field, body fluids such as blood, urine, spinal fluid, 
saliva, and the like, are important subjects for analysis. 10 
A need has arisen for analyzing such samples in large 
amounts and collectively. 

[0003] In order to meet this need, a sample analysis 
device, having a reagent film previously impregnated 
with a reagent and stuck on a strip, has been developed 
and used. In such a device, the reagent film is supplied 
with a sample such as blood, and the sample is allowed 
to react with the reagent to generate a pigment, which 
develops a color in the reagent film, and then the degree 
of the color is analyzed by an optical measuring appara- 
tus such as a densitometer. By using this device, oper- 
ations for preparing a reagent and allowing the reagent 
to react with the sample can be simplified, so that the 
whole analysis operation can be converted into a rou- 
tine exercise. 

[0004] In such a sample analysis device, examples of 
methods for supplying the reagent film with a sample 
include a method utilizing capillarity, spotting, dipping, 
and the like. Among these methods, methods utilizing 
capillarity have been most commonly used. Because it 
is required to intercept external light during optical 
measuring, the sample supplying portion and the analy- 
sis section must be positioned at a considerable dis- 
tance from one another when the device is set in an 
optical measuring apparatus. Therefore, the sample 
must be moved in the device, capillarity being used as 
the means for moving the sample. Examples of devices 
utilizing capillarity are disclosed in Japanese Published 
Unexamined Patent Application No. Hei 4-188065 and 
Japanese Published Unexamined Patent Application 
No. Sho 57-132900. 

[0005] Figure 10 shows one example of a sample 
analysis device utilizing capillarity. As shown in the 
drawing, the device has a triangular shaped sampling 
point 42 protruding from an approximately center por- 
tion of the front face 44 of a transparent base member 
47 made of acrylic resin, a groove 46 extending from the 
sampling point 42 toward the back portion of the base 
member 47, and a slot 45 formed as an extension of the 
groove. Furthermore, a reagent film 48 is stuck on the 
upper face of the base member 47 on the side of the 
front face 44 so that it may cover the groove 46. The 
structure of the reagent film 48 is determined as appro- 
priate depending on the type of the sample. For exam- 
ple, when analyzing plasma components of blood, the 
reagent film used comprises a filtration layer, a reagent 
layer, a transparent protective layer, and an opaque pro- 
tective layer, which are laminated in this order from the 


bottom, and in which an observation window 50 for 
entering light is formed in an approximately center por- 
tion in the opaque protective layer. 
[0006] Analysis using this device may be carried out 
as in the following steps. First, a drop of blood is 
obtained from a subject and brought into contact with 
the sampling point 42. Then, the blood is drawn into the 
groove 46 by capillarity and the whole groove is filled 
with the blood. When the Wood permeates into the rea- 
gent film 48 covering the upper portion of the groove 46, 
first erythrocytes are removed by the filtration layer, and 
plasma components reach the reagent layer and are 
allowed to react with the reagent to generate a pigment, 
which develops a color in the reagent layer. In this state, 
the device is set in an optical measuring apparatus such 
as a densitometer, where the degree of the color devel- 
oped in the reagent layer is measured by irradiating light 
through the observation window 50. 
[0007] However, in using a device utilizing capillarity, 
there are problems as described below. 
[0008] First, because a capillary channel needs to be 
continuously filled with a sample in order to cause cap- 
illarity, the sample must be provided in a larger amount 
than is required in analysis. In addition, because it takes 
some time to introduce the sample by capillarity, meas- 
uring cannot be carried out quickly. Furthermore, in 
body fluids such as blood, there are individual differ- 
ences in properties such as viscosity, which affect cap- 
illarity, so that time required for introducing the sample 
into the analysis section or the like cannot be fixed. As a 
result, the time required for analysis, including the time 
for reaction with a reagent, is difficult to be fixed, and 
also an error might be caused in the analysis results. 
Furthermore, since the drawing force by capillarity is 
very weak, it is easily affected by gravity. Therefore, 
when introducing a sample, the inclination of the device 
has to be restricted, and also the structure of the optical 
measuring apparatus used is limited. Furthermore, the 
sample supplying portion and the analysis section can- 
not be positioned at a distance from each other because 
of the weakness of the drawing force by capillarity, 
therefore, in an optical measuring apparatus, possibili- 
ties of contamination of the measuring apparatus during 
introduction of a sample, or influence of external light, 
cannot be completely eliminated. 
[0009] On the other hand, the spotting method for sup- 
plying samples has the disadvantage in that, when 
using blood as the sample, the sampling spot is limited 
to a fingertip, and sampling from an ear or the abdomen 
is difficult to perform. 

[001 0] It is an object of the present invention to pro- 
vide a suction generating device for developing suction 
in a sample analysis device, which utilizes the suction to 
achieve rapid and precise analysis of a small amount of 
sample. 

[001 1 ] Viewed from a first aspect, the present inven- 
tion provides a first suction generating device for devel- 
oping suction in a suction generating chamber in a 
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sample analysis device, said sample analysis device 
comprising a suction generating chamber having elas- 
ticity, a drawing channel in communication with the suc- 
tion generating chamber, an analysis section formed in 
a certain position in the drawing channel, and a suction 5 
opening formed at the end of the drawing channel, said 
suction generating device comprising a compressor for 
compressing the suction generating chamber and a 
releaser for releasing the chamber from compression. 
[0012] Previously, the applicant has separately filed 
applications for inventions related to a sample analysis 
device utilizing forced suction (Japanese Patent Appli- 
cation No. Hei 8-107310, Japanese Patent Application 
No. Hei 8-2361 31 , and Japanese Patent Application No. 
Hei 9-102204). By using these devices, a small amount 
of sample can be analyzed rapidly and precisely. The 
applicant has developed the suction generating device 
of the present invention in order to improve the opera- 
tional performance of a forced suction type sample 
analysis device, and further expand the range of its 
application. In a general method of using the sample 
analysis device, first, a sample needs to be drawn into 
the sample analysis device by suction developed by a 
manual operation, and then the device is set in a testing 
machine, so that complex operation is often required. 
Therefore, the present invention achieves automation 
for generating suction by providing a device comprising 
a compressor for compressing the suction generating 
chamber and a releasor for releasing the chamber from 
the compression. That is, the suction generating cham- 
ber is automatically compressed simply by setting the 
sample analysis device in the device of the present 
invention. Therefore, if the device of the present inven- 
tion is installed in a testing apparatus or the like, the 
analysis operation can be simplified. 
[0013] In a preferred embodiment of the present 
invention, the suction generating device further com- 
prises a cavity into which is inserted a sample analysis 
device and which holds said sample analysis device 
therein, and a protruding portion capable of compress- 
ing the suction generating chamber as the sample anal- 
ysis device is inserted into the cavity, the protruding 
portion being movable, such that the suction generating 
chamber can be released from compression by moving 
the protruding portion. 

[0014] In this embodiment, when the sample analysis 
device is inserted into the cavity, the suction generating 
chamber is automatically compressed by the protruding 
portion. In this state, the suction opening of the sample 
analysis device is brought into contact with a sample 
such as Wood, and thereafter, by moving the protruding 
portion, the suction generating chamber is released 
from compression, and suction is developed as the 
chamber returns to its original shape. This suction 
transfers the sample into the analysis section of the 
device. Then, the sample is analyzed by an optical 
means such as densitometry 

[0015] In an alternative embodiment of the invention, 


the suction generating device is applied for developing 
suction in a sample analysis device, in which an air vent 
hole is formed in a suction generating chamber. The 
process for inserting the sample analysis device into the 
suction generating device includes two stages. This 
suction generating device further comprises a first pro- 
truding portion capable of compressing the suction gen- 
erating chamber in a first stage of insertion, and a 
second protruding portion capable of closing the air 
vent hole in the suction generating chamber in a second 
stage of insertion, during which the sample analysis 
device is inserted deeper into the cavity so that the suc- 
tion generating chamber is released from compression. 
[001 6] As stated above, this suction generating device 
is used with a sample analysis device having an air vent 
hole formed in the suction generating chamber. This 
device is used, for example, in the following process. 
First, a sample is brought into contact with the suction 
opening of the sample analysis device and is held in a 
portion near the opening in the drawing channel by cap- 
illarity. Then, in a first stage, the sample analysis device 
is inserted into the cavity of the suction generating 
device so that the suction generating chamber is com- 
pressed by the first protruding portion. During this com- 
pression, the air contained in the suction generating 
chamber is discharged through the air vent hole, so that 
the sample held in the portion near the opening in the 
drawing channel cannot be pushed out. Then, in a sec- 
ond stage, the sample analysis device is inserted 
deeper into the cavity so that the chamber is released 
from the compression by the first protruding portion, 
while the air vent hole is closed with the second protrud- 
ing portion. As a result, suction is developed as the suc- 
tion generating chamber returns to its original shape, 
thereby transferring the sample into the analysis sec- 
tion. Then, as mentioned above, the sample is analyzed 
by an optical means or the like. 

[0017] By using the above device, a sample can be 
moved simply by inserting the sample analysis device 
into the suction generating device, so that operation of 
sampling is simplified. Furthermore, the operation of 
holding the sample in a portion near the opening in the 
drawing channel in the sample analysis device may be 
performed after the analysis device has been inserted in 
the suction generating device in the first stage. 
[0018] Furthermore, in the above-mentioned device, 
the two-stage insertion can be carried out in one step, 
that is, the sample is continuously transferred into the 
analysis section in one inserting operation. 
[0019] The present invention also provides a further 
device for developing suction in the suction generating 
tube in a sample analysis device, which sample analysis 
device comprises a suction generating tube having 
elasticity, a drawing channel in communication with the 
suction generating tube, an analysis section formed in a 
certain position in the drawing channel, and a suction 
opening formed at the end of the drawing channel, one 
end of the suction generating tube being open and the 
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other end communicating with the drawing channel, and 
the suction generating tube being arranged in such a 
manner that its open end is turned toward the end of the 
sample analysis device having the suction opening. 
This further device comprises a cavity into which is 5 
inserted the sample analysis device and which holds 
the sample analysis device therein, and a protruding 
portion provided at a certain position inside the cavity 
which is capable of sequentially deforming the suction 
generating tube to generate suction as the sample anal- 10 
ysis device is inserted into the cavity. 
[0020] The device is for use with a sample analysis 
device having a suction generating tube as a means for 
developing suction. The suction generating tube devel- 
ops suction as it is sequentially deformed. The device is 15 
used, for example, as follows: First, the suction opening 
in the sample analysis device is brought into contact 
with a sample which is held in a portion near the open- 
ing in the drawing channel by capillarity. Then, the suc- 
tion generating tube is sequentially deformed by the 20 
protruding portion to develop suction as the sample 
analysis device is inserted into the cavity, thereby trans- 
ferring the sample into the analysis section. Then, the 
sample is analyzed by an optical means or the like. 
[0021] The present invention also provides a sample ' 25 
analysis apparatus comprising a suction generating 
device in accordance with the present invention and a 
means for analyzing a sample. This sample analysis 
apparatus may comprise conventionally known compo- 
nents of the invention in addition to the suction generat- 30 
ing device of the invention. Examples of means for 
analyzing a sample include an optical analysis means 
comprising a light irradiating section and a light detect- 
ing section, an electrical analysis means comprising an 
electric signal generating means and an electric signal 3s 
detecting means, or the like. These means can be also 
any conventionally known means. 
[0022] Some preferred embodiments of the invention 
will now be described by way of example only and with 
reference to the accompanying drawings in which : 40 

Figure 1 (A) is a plan view of one example of a sam- 
ple analysis device, and Figure 1 (B) shows a 
cross-sectional view taken along the line III — III of 
Figure 1 (A); 45 
Figure 2 is an exploded perspective view of the 
sample analysis device of Figure 1 ; 
Figure 3 is an exploded perspective view of one 
embodiment of a suction generating device accord- 
ing to the present invention; so 
Figure 4 (A) is a plan view of the suction generating 
device of Figure 3, and Figure 4 (B) is a cross-sec- 
tional view taken along the line I — I of Figure 4 (A); 
Figure 5 (A) is a plan view of a sample analysis 
device in a condition in which a sample is held in 55 
the liquid pooling portion in the device, and Figure 
5(B) is a plan view of the device in a condition in 
which the sample is moved into the analysis sec- 


tion; 

Figure 6 is a cross-sectional view of another exam- 
ple of a sample analysis device; 
Figures 7(A) — 7(D) are cross-sectional views 
showing another embodiment of a suction generat- 
ing device of the present invention and its method 
of use; 

Figure 8 is a cross-sectional view of still another 
example of a sample analysis device; 
Figures 9(A) — 9(D) are cross-sectional views 
showing still another embodiment of the suction 
generating device of the present invention and its 
method of use; and 

Figure 10 is a perspective view of a conventional 
sample analysis device. 

Example 1 

[0023] Firstly, Figure 1 shows an example of a sample 
analysis device usable with the first and second embod- 
iments of suction generating devices of the present 
invention. Figure 1 (A) is a plan view of the sample anal- 
ysis device, and Figure 1 (B) is a cross-sectional view 
taken along the line III — III of Figure 1 (A). As shown in 
the drawings, the sample analysis device is formed by 
laminating a plurality of films, and the body is approxi- 
mately rectangular plate shaped. 
[0024] In this sample analysis device, a suction gen- 
erating chamber 1 is formed as a protrusion in an end 
side portion of the approximately rectangular plate 
shaped body (right side in the drawing), and a drawing 
channel 2 extends from a position below the suction 
generating chamber 1 toward the end (the other end) 
opposite to the suction generating chamber 1 in the 
approximately rectangular plate shaped body. An analy- 
sis section 3 is formed in a certain position in the draw- 
ing channel 2, and the end of the drawing channel 2 
communicates with a suction opening 4 formed at the 
other end of the approximately rectangular plate shaped 
body through a liquid pooling portion 9. A window 10 is 
formed under the analysis section 3. The window 10 
may be formed as needed. For example, when glucose 
oxidase (GOD) is used as a reagent, because this rea- 
gent requires oxygen for color development, a window 
should be formed for supplying oxygen. However, 
except in such a case, if the portion of the film corre- 
sponding to the analysis section 3 is transparent so that 
light may be admitted into the analysis section 3, such a 
window is not required. Furthermore, a reagent film 7 
impregnated with a reagent is placed below the analysis 
section 3 in such a manner so that it covers the window 
10. Furthermore, a gas-permeable liquid-impermeable 
stopper 8 is formed in a certain position between the 
suction generating chamber 1 and the analysis section 
3 in that part 2b of the drawing channel 2 on the side of 
the suction generating chamber 1. The gas-permeable 
liquid-impermeable stopper 8 is formed by placing a 
hydrophobic porous film in a given position in the draw- 
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ing channel 2b. 

[0025] Furthermore, an air vent passage 25 branches 
from a certain position between the liquid pooling sec- 
tion 9 and the analysis section 3 in the section 2a of the 
drawing channel 2, and its end 26 opens to the outside 5 
of the body. Thus, as its ends are both open, the air vent 
passage 25 develops capillarity. 
[0026] Furthermore, the size of the cross section of 
the air vent passage 25 is smaller than that of the pas- 
sage of the liquid pooling portion 9, thus liquid flow 
resistance in the air vent passage 25 is larger than in 
the liquid pooling portion 9. In particular, the width of the 
liquid pooling portion 9 is about four times those of the 
drawing channel 2 and the air vent passage 25, and the 
thickness of the liquid pooling portion 9 is about twice 
those of the drawing channel 2 and the air vent passage 
25. 

[0027] Such a sample analysis device comprising 
laminated films can be produced, for example, by lami- 
nating films 11 , 12, 13 and 14 which are formed into var- 
ious shapes with the reagent film 7 and the hydrophobic 
porous film 8 therebetween as shown in Figure 2. 
[0028] The film 1 4 is prepared to form the back side of 
the sample analysis device, and the window 10 is 
formed therein. In the film 13, cut-out portions for form- 
ing the liquid pooling portion 9, the air vent passage 25, 
the analysis section 3 and the drawing channel 2 are 
formed. The film 12 is prepared to ensure the thickness 
of the liquid pooling portion 9 (the size of the cross sec- 
tion of the passage), and a cut-out portion for forming 
the liquid pooling portion 9, a circular cut-out portion for 
making the end of the air vent channel 25 open, and a 
circular cut-out portion for leading the drawing channel 
2b to the suction generating chamber 1 are formed in 
the film. In the film 1 1 , an approximately cylindrical con- 
vex portion for forming the suction generating chamber 
1 is formed as a protrusion, and a circular cut-out por- 
tion for making the end of the air vent passage 25 open 
is also formed. 

[0029] Then, the reagent film 7 is placed between the 
film 14 and the film 13 in a position to form the analysis 
section 3, and the hydrophobic porous film 8 is placed 
between the film 1 3 and the film 1 2 in a position to be a 
certain place in the drawing channel 2b, and in this 
state, the four films 14, 13, 12 and 1 1 are laminated in 
this order from the bottom and integrated together, so 
that the sample analysis device shown in Figure 1 can 
be produced. 

[0030] An example of the above-mentioned hydropho- 
bic porous film is hydrophobic resin porous film, and 
particular examples are polyethylene porous film, poly- 
propylene porous film, polytetrafluoroethylene (PTFE) 
porous film, and the like. Examples of suitable hydro- 
phobic resin porous film in the present invention include 
Celgard (product name; produced by Hoechst Celanese 
Co., Ltd.), and Hipore (product name; produced by 
Asahi Chemical Industry Co., Ltd.). The average diame- 
ter of the pores in the hydrophobic resin porous film is 


usually from 0.1 to 1 urn, preferably from 0.3 to 0.7 ^im. 
Furthermore, the thickness of the hydrophobic resin 
porous film is usually from 10 to 100 p.m. Such a hydro- 
phobic resin porous film can be produced, for example, 
by forming a film using said hydrophobic resin and then 
orienting the film either uniaxially or biaxially. 
[0031 ] The reagent film 7 is prepared by impregnating 
a film with a reagent, and the type of the reagent is 
selected as appropriate depending on the type of the 
object to be analyzed. The structure of the reagent film 
is also determined as appropriate depending on the 
type of the object for analysis. For example, when 
plasma components of blood are to be analyzed, the 
reagent film used usually comprises a filtration layer for 
separating erythrocytes, a reagent layer impregnated 
with a reagent, and a base material, which are lami- 
nated in this order. Then, the reagent film 7 is arranged 
in the analysis section 3 in such a manner that the filtra- 
tion layer can contact with blood (a liquid sample). Fur- 
thermore, conventionally known materials can be used 
for the respective layers in the reagent film. 
[0032] When the sample analysis device is produced, 
the films may be integrated together by bonding the 
films to each other with an adhesive, or by laminating by 
pressing or heating. 

[0033] Furthermore, examples of the materials for the 
films constituting the sample analysis device include 
polyethylene, polyethylene terephthalate (PET), poly- 
styrene, polyvinyl chloride, and the like. Among these 
examples, PET is preferably used because of its good 
processibility. 

[0034] The dimensions of the sample analysis device 
shown in Figure 1 are as follows. The overall size of the 
device is usually 15 to 60 mm in length, 5 to 20 mm in 
width and 1 to 3 mm in thickness. Furthermore, the size 
of the suction generating chamber 1 is usually 3 to 15 
mm in diameter and 0.5 to 3 mm in height. The size of 
the drawing channel 2 is usually 10 to 40 mm in overall 
length, 0.5 to 2 mm in width and 0.1 to 0.5 mm in thick- 
ness; and usually, the drawing channel 2a is 5 to 30 mm 
in length, and the drawing channel 2b is 5 to 30 mm in 
length. Furthermore, the size of the analysis section 3 is 
usually 2 to 10 mm in diameter and 0.1 to 1 mm in 
height. The size of the liquid pooling section 9 is usually 
2 to 10 mm in length, 2 to 10 mm in width, and 0.2 to 1 
mm in thickness. The size of the air vent passage 25 is 
usually 2 to 10 mm in overall length, 0.5 to 2 mm in width 
and 0.1 to 0.5 mm in thickness; and the opening thereof 
is usually 0.5 to 5 mm in diameter. The size of the suc- 
tion opening 4 is usually 2 to 10 mm in width and 0.2 to 
1 mm in thickness. 

[0035] Next, an example of an embodiment of a suc- 
tion generating device according to the present inven- 
tion for developing suction in the suction generating 
chamber 1 of the above sample analysis device will be 
illustrated referring to Figures 3 and 4. 
[0036] Figure 3 is an exploded perspective view of the 
above-mentioned device. As shown in the drawing, this 
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device comprises four parts, namely, a cover plate 61, a 
middle plate 62, a bottom plate 63 and an operation 
plate 64. A protruding portion 642 for compressing the 
suction generating chamber is formed in an approxi- 
mately center portion on the lower side of the operation 5 
plate 64, and a protruding portion 641 (a finger grip) for 
operation is formed in an approximately center portion 
on the upper side of the operation plate 64. A cavity 631 
for inserting the sample analysis device therein is 
formed in an approximately center portion in the bottom 
plate 63, and a hole 632 for light irradiation is punched 
in a determined portion in the cavity 631 . The hole 632 
is formed in a position that will correspond to the analy- 
sis section 3 when the sample analysis device is 
inserted into the cavity. A concave portion 623 for fitting 
the operation plate 64 therein is formed in the middle 
plate 62, and a window section 621 is formed in the 
center portion of the concave portion 623 to let the 
lower protruding portion 642 on the operation plate 64 
protrude therethrough. Furthermore, an open section 
622 for placing a detector such as an optical sensor is 
formed in the middle plate 62. A window section 61 1 is 
formed in the cover plate 61 to let the upper protruding 
portion 641 on the operation plate 64 protrude there- 
through. 

[0037] The dimensions of this device are determined 
as appropriate depending on the size of the sample 
analysis device used. For example, when it is applied to 
the above-mentioned sample analysis device, the 
dimensions are as follows: First, the size of the bottom 
plate 63 is usually 2 to 10 mm in thickness; the cavity 
631 is usually 5 to 20 mm in width, 1 to 5 mm in depth 
and 20 to 60 mm in length; and the size of the hole 632 
is usually 2 to 10 mm in diameter. The size of the oper- 
ation plate 64 is usually 15 to 50 mm in length, 5 to 20 
mm in width and 1 to 10 mm in thickness; and usually, 
the upper protruding portion 641 is 2 to 5 mm in height, 
and the lower protruding portion 642 is 1 to 5 mm in 
height. The size of the middle plate 62 is usually 20 to 
60 mm in length, 20 to 60 mm in width and 1 to 5 mm in 
thickness; the size of the concave portion for positioning 
the operation plate 64 is usually 20 to 70 mm in length 
and 5 to 20 mm in width; the size of the window section 
621 formed in the concave portion is usually 10 to 30 
mm in length and 3 to 10 mm in width. The size of the 
cover plate 61 is usually 20 to 60 mm in length, 20 to 60 
mm in width and 1 to 5 mm in thickness; and the size of 
the window section 61 1 for 'letting the upper protruding 
portion 641 on the operation plate 64 protrude there- 
through is usually 10 to 30 mm in length and 3 to 10 mm 
in width. 

[0038] The materials for forming this device are not 
particularly limited, and for example, the operation plate 
64 is made of metals such as aluminum, iron, brass, or 
the like. Examples of the materials used for forming 
other parts include acryionitrile-styrene-butadiene 
copolymer (ABS resin), polyacetal resin, acrylic resin, 
vinyl chloride resin, and the like. 


[0039] Figure 4 shows the assembly of this device, in 
which the sample analysis device (for reference, see 
Figure 1) is inserted. Figure 4 (A) is a plan view of the 
device, and Figure 4 (B) is a cross-sectional view taken 
along the line I — I of Figure 4 (A). In Figure 4, the same 
parts are designated by the same signs as in Figure 1 
and Figure 3. Furthermore, 643 refers to a wire type 
spring for positioning the lower protruding portion 642 
formed on the operation plate 64 continuously in the 
center of the cavity. In this device, as shown by the 
cross-sectional view in Figure 4 (B), when the sample 
analysis device is inserted into the cavity 631, the suc- 
tion generating chamber 1 is compressed with the pro- 
truding portion 642. Furthermore, as shown in Figure 4 
(A), the operation plate 64 is capable of sliding in verti- 
cal direction relative to the cavity 631 (i.e. upwards or 
downwards direction as shown with the arrows in the 
drawing), so that the lower protruding portion 642 can 
be moved. 

[0040] Next, sampling and analyzing a sample using 
the above device and the sample analysis device (for 
reference, see Figure 1) will be described referring to 
Figures 4 and 5. Also, in Figure 5, the same parts are 
designated with the same signs as in Figure 1 . 
[0041] As shown in Figure 4 (B), as the sample anal- 
ysis device is inserted and set in the cavity 631 of this 
device, the suction generating chamber 1 is com- 
pressed with the lower protruding portion 642. In this 
state, the suction opening 4 of the sample analysis 
device is brought into contact with a sample 15. Then, 
as shown in Figure 5(A), the sample 1 5 is drawn into the 
opening 4 by capillarity developed by the air vent pas- 
sage 25 and held in the liquid pooling portion 9. Further- 
more, as shown in Figure 4(A), if the operation plate 64 
is slid in either direction as shown by the arrows, the 
lower protruding portion 642 is moved, so that the suc- 
tion generating chamber 1 is released from compres- 
sion. As a result, suction is developed as the suction 
generating chamber 1 returns to its original shape, and 
as shown in Figure 5 (B), the sample 15 held in the liq- 
uid pooling portion 9 is introduced into the analysis sec- 
tion 3 through the drawing channel 2a by the suction. 
The introduction of the sample into the analysis section 
3 occurs within a very short period of time compared to 
introduction by capillarity, and moreover, it is hardly 
affected by the properties of the sample such as viscos- 
ity. Furthermore, in this drawing process, because the 
relative liquid flow resistance in the liquid pooling por- 
tion 9 and the air vent passage 25 is adjusted as 
described above, a part of the sample 1 5 remains in the 
air vent passage 25 as shown in the drawing, so that 
inclusion of air can be prevented. Furthermore, even if 
excess suction is developed, because the gas-permea- 
ble liquid-impermeable stopper 8 is formed, the sample 
15 cannot flow into the suction generating chamber 1, 
so that introduction of the sample into the analysis sec- 
tion 3 is ensured. Furthermore, in the analysis section 3, 
reaction occurs between the sample 15 and the reagent 
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in the reagent film 7 to generate a pigment, which devel- 
ops a color in the reagent film 7. Then, light is irradiated 
through the window 10 in the lower surface of the sam- 
ple analysis device, and in case of the above-mentioned 
densitometry, reflected light is detected at the detecting 
section and the degree of the color is measured. Fur- 
thermore, in this measurement, if the whole analysis 
section 3 is transparent and the reagent film 7 is also 
transparent, analysis can be performed with transmitted 
light as well. Furthermore, as the sample analysis 
device is pulled out of the device, the operation plate 64 
is automatically returned to its original position by the 
wire type spring 643. 

Example 2 

[0042] Next, Figure 6 shows a cross-sectional view 
illustrating an example of a sample analysis device, in 
which an air vent hole is formed in the suction generat- 
ing chamber. 

[0043] As shown in Figure 6, the sample analysis 
device has the same structure as the sample analysis 
device described in Example 1 shown in Figure 1, 
except that an air vent hole 1a is formed in the device. 
Therefore, the same parts are designated with the same 
reference numerals. The size of the air vent hole 1a is 
usually in the range of 0.1 to 5 mm in diameter, 
[0044] Next, Figure 7 shows cross-sectional views 
illustrating an example of the structure of a second 
embodiment of the present invention which is used with 
the sample analysis device, and an example of its use. 
[0045] As shown in the drawing, the device has a cav- 
ity 66, and two protruding portions 67a and 67b formed 
in certain positions inside the cavity. The size of the 
device varies depending on the type of the sample anal- 
ysis device used. For example, when it is applied to the 
sample analysis device shown in Figure 6, the size of 
the cavity 66 is usually 20 to 60 mm in length, 2 to 10 
mm in height and 5 to 20 mm in width; and usually, the 
protruding portion 67a is 0.5 to 9 mm in height, and the 
protruding portion 67b is 0.5 to 9 mm in height. Further- 
more, the materials for forming the device are the same 
as mentioned above. 

[0046] The device is used, for example, as follows: 
First, the suction opening 4 of the sample analysis 
device is brought into contact with a sample 1 5, and the 
sample 15 is held in the liquid pooling portion 9. Then, 
in a first stage of insertion, the sample analysts device is 
inserted into the cavity 66 as shown in Figure 7(B) so 
that the suction generating chamber is compressed by 
the protruding portion 67a. During this stage, because 
the air contained in the suction generating chamber 1 
escapes from the air vent hole 1 a, the sample is not dis- 
charged from the opening 4 by the pressure of the air 
from the suction generating chamber 1 . Then, in a sec- 
ond stage of insertion, the sample analysis device is 
inserted deeper into the cavity 66 so that the chamber is 
released from the compression by the protruding por- 


tion 67a (Figure 7 (C)), while the air vent hole 1a is 
closed with the protruding portion 67b (Figure 7 (D)). 
During this stage, suction is developed as the com- 
pressed suction generating chamber is released to 

5 return to its original shape, thereby moving the sample 
15 through the drawing channel 2 and into the analysis 
section 3 (Figure 7 (D)). Even if the air vent is closed 
(Figure 7 (C)). the suction force that is developed in the 
suction generating chamber displays its effect in the 

w drawing channel, thereby drawing the sample through 
the channel. The subsequent operation is the same as 
described above. Furthermore, the two-stage process 
of the insertion of the sample analysis device into the 
cavity of this suction generating device can be carried 

15 out either in one step or in two steps. If the sample anal- 
ysis device is inserted in two steps, the process 
becomes as follows: In the first step, the insertion is 
continued until the suction generating chamber is com- 
pressed, and then it is stopped for a while, and in this 

20 state, the opening is brought into contact with a sample 
so that the sample is drawn into the liquid pooling por- 
tion by capillarity and is held therein, and then, in the 
second step, the device is inserted deeper into the cav- 
ity and suction is generated, thereby transferring the 

25 sample into the analysis section. 

Example 3 

[0047] Next, a further embodiment of a device accord - 

30 ing to the present invention will be described. First, an 
example of the sample analysis device for use with this 
device is shown in cross-sectional view in Figure 8. 
[0048] As shown in Figure 8, the sample analysis 
device is the same as the device shown in Figure 1 

35 except that it has a suction generating tube 21 in place 
of a suction generating chamber, so that the same parts 
are designated by the same reference numerals. The 
suction generating tube 21 can be formed, for example, 
by positioning a resin sheet, which is bent in a manner 

40 so that its cross section in the longitudinal direction 
becomes an approximately reverse U-shape, on the 
body of the sample analysis device. In this case, one 
end of the suction generating tube communicates with 
the drawing channel 2 through the gas-permeable liq- 

45 uid-impermeable stopper 8, and the other end of the 
tube is open (opening 21a). The size of the suction gen- 
erating tube is usually as follows: The thickness of the 
sheet is in the range of 0.01 to 2 mm, the height inside 
the tube is in the range of 0.5 to 5 mm, the width inside 

so the tube is in the range of 1 to 1 0 mm. and the length of 
the tube is in the range of 5 to 30 mm. The suction gen- 
erating tube 21 is preferably formed in such a manner 
that it does not overlap with the drawing channel 2, the 
analysis section 3, or the like. This is because, in order 

55 to develop suction in suction generating tube 21, it is 
required to draw the tube through by pressing. However, 
this pressing might cause deformation of the drawing 
channel, or the like. Examples of the materials for form- 
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ing the resin sheet include soft vinyl chloride resin, soft 
silicon resin, natural rubber, and the like. Furthermore, 
the shape of the cross section of the suction generating 
tube in the longitudinal direction is not limited to the 
reverse U-shape, and for example, it may be rectangu- 5 
lar, or the like. 

[0049] Next, examples of the structure and use of this 
device with the sample analysis device are shown in the 
cross-sectional views in Figure 9. 

[0050] As shown in the drawings, the device has a 10 
cavity 68b, and a protruding portion 68a formed near 
the opening of the cavity 68b. The size of the device var- 
ies depending on the type of the sample analysis device 
used. For example, if it is applied to the sample analysis 
device shown in Figure 8, the size of the cavity 68b is 15 
usually 20 to 60 mm in length, 2 to 10 mm in height, and 
5 to 20 mm in width; and the protruding portion 68a is 
usually 0.5 to 9 mm in height. Furthermore, the materi- 
als for forming the device are the same as mentioned 
above. 20 
[0051] This device is used, for example, as follows: 
First, the suction opening 4 of the sample analysis 
device is brought into contact with a sample 15, and the 
sample 15 is held in the liquid pooling portion 9. Then, 
as shown in Figure 9(B), as the sample analysis device 25 
is inserted into the cavity 68b, the suction generating 
tube 21 is pressed in the portion in communication with 
the drawing channel 2. Then, as shown in Figures 9 (B), 
(C) and (D) in order, as the sample analysis device is 
inserted deeper into the cavity, the suction generating 30 
tube 21 is sequentially deformed by the protruding por- 
tion 68a to develop suction, and the sample 15 is 
thereby moved through the drawing channel 2 and intro- 
duced into the analysis section 3. The subsequent anal- 
ysis operation is the same as in the above-mentioned 35 
Examples. 

Claims 

1 . A suction generating device for developing suction 40 
in the suction generating chamber in a sample anal- 
ysis device, the sample analysis device comprising 

a suction generating chamber having elasticity, a 
drawing channel in communication with the suction 
generating chamber, an analysis section formed in 45 
a certain position in the drawing channel, and a 
suction opening formed at the end of the drawing 
channel, said suction generating device comprising 
a compressor for compressing the suction generat- 
ing chamber and a releaser for releasing the cham- so 
ber from compression. 

2. A suction generating device according to claim 1, 
which further comprises a cavity into which is 
inserted a sample analysis device and which holds ss 
said sample analysis device therein, and a protrud- 
ing portion capable of compressing the suction 
generating chamber as the sample analysis device 


is inserted into the cavity, the protruding portion 
being movable such that the suction generating 
chamber can be released from compression by 
moving the protruding portion. 

3. A device according to claim 2. in which after moving 
the protruding portion to release the suction gener- 
ating chamber from compression, the protruding 
portion automatically returns to its original position. 

4. A device according to claim 3, which further com- 
prises a spring in communication with the protrud- 
ing portion, and the spring does not develop its 
elasticity before the suction generating chamber is 
released from compression, and when the protrud- 
ing portion is moved to release the suction generat- 
ing chamber from compression, the spring 
develops its elasticity, which enables the protruding 
portion to return to its original position after the 
chamber is released from compression. 

5. A device according to claim 2, in which a window for 
entering light irradiated from the outside is formed 
in a certain position in the cavity. 

6. A suction generating device according to claim 1 for 
developing suction in a sample analysis device with 
a suction generating chamber having an air vent 
hole formed therein, which further comprises a cav- 
ity into which the sample analysis device is 
inserted, the insertion including two stages, and 
which further comprises a first protruding portion 
capable of compressing the suction generating 
chamber as the sample analysis device is inserted 
into the cavity in a first stage, and a second protrud- 
ing portion capable of closing the air vent hole in the 
suction generating chamber as the sample analysis 
device is inserted deeper into the cavity in a second 
stage, during which the suction generating cham- 
ber is released from compression. 

7. A suction generating device for developing suction 
in the suction generating tube in a sample analysts 
device, which sample analysis device comprises a 
suction generating tube having elasticity, a drawing 
channel in communication with the suction generat- 
ing tube, an analysis section formed in a certain 
position in the drawing channel, and a suction 
opening formed at the end of the drawing channel, 
one end of the suction generating tube being open 
and the other end communicating with the drawing 
channel, and the suction generating tube being 
arranged in such a manner that its open end is 
turned towards the end of the sample analysis 
device having the suction opening, and which suc- 
tion generating device comprises a cavity into 
which is inserted the sample analysis device and 
which holds the sample analysis device therein, 
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and a protruding portion provided at a certain posi- 
tion inside the cavity which is capable of sequen- 
tially deforming the suction generating tube to 
generate suction as the sample analysis device is 
inserted into the cavity. ■ 5 

8. A sample analysis apparatus comprising a suction 
generating device according to any of the claims 1 
to 7, and a means for analyzing a sample. 

10 

9. A suction generating device for developing suction 
in the suction generating chamber in a sample anal- 
ysis device, the sample analysis device comprising 
a suction generating chamber having elasticity, a 
drawing channel in communication with the suction 15 
generating chamber, an analysis section formed in 

a certain position in the drawing channel, and a 
suction opening formed at the end of the drawing 
channel, said suction generating device comprising 
means for compressing the suction generating 20 
chamber and means for releasing the chamber 
from compression. 
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